Abstract. Due to the electricity power is the foundation of economic development, reasonable and accurate electricity demand forecasting not only helps to develop electricity power planning scientifically, but also has important reference value to the economic development planning. In order to integrate different forecast models' strengths as well as improve the forecast accuracy, this paper puts forward the electricity demand forecasting model based on Shapley value. First, it chooses one-dimensional linear regression model, Holt two-parameter linear exponential smoothing model and ARIMA model for electricity demand forecasting respectively, and through the game theory Shapley value theory determines the weight of single model in the portfolio model, and then the combined forecasting result is obtained; Second, it analyzes the electricity demand data in Beijing-Tianjin-Hebei Region and the results show that the proposed method has high forecast accuracy; Finally, it forecasts electricity demand in Beijing-Tianjin-Hebei Region during "13th five-year" period and provides decision-making basis for the economic development planning of Beijing, Tianjin Hebei province during "13th five-year" period.
Introduction
President Xi Jinping put forward Beijing-Tianjin-Hebei Region coordinated development strategy on February 26, 2014 and the Beijing-Tianjin-Hebei Region integration has become one of the top macro strategies in the domestic development. As the electricity is the foundation of economic development and the electricity demand and economic growth interact with each other [1] [2] [3] , electricity demand forecasting is of great significance for the rapid development of Beijing-Tianjin-Hebei Region during "13th five-year" period. Currently, tens of kinds electricity demand forecasting methods have been proposed at home and abroad, such as exponential smoothing method, trend analysis method, curve fitting method, the moving average method, artificial neural networks method, linear regression analysis method and gray forecast method, system kinetic method and so on. These methods have their advantages and disadvantages while the forecasting results are different [4] . Combined forecasting can integrate the strengths of different models to make up for weaknesses, and the various forecasts are considered in combination to enhance the forecasting reliability as well as improve the forecasting accuracy of the results. This paper combines one-dimensional linear regression model, Holt two-parameter linear exponential smoothing model and the ARIMA model, and determines the weight of each forecast model by applying Shapley value weight allocation method, to build electricity demand combined forecasting model based on Shapley value, and conducts electricity demand forecasting in Beijing-Tianjin-Hebei Region during "13th five-year" period.
Electricity demand combination forecasting model based on Shapley value

Principle of Combination Forecasting
Different individual forecast method excavates the deep information of the research object from different angles. If using only one forecasting method may result in partial loss of useful information [5] . No matter forecasting accuracy big or small, each single forecasting includes independent information of the system. If only considering a certain model can cause the waste of information, and if different forecasting methods used together can improve the forecast performance of the system. Electricity demand forecasting, therefore, should be according to its basic requirements and application characteristics of different forecasting models, and chooses better several adaptive forecasting models to predict respectively and then take a weighted average with the forecasting results in order to get the final forecasting value, which is shown as formula (1) :
Wherein, ( 1,2,3)
Where, m is the specific number of samples; ij e is the residual of data j in forecasting model i .
The total average forecasting error of a single model forecasting the average absolute error is shown in the following formula:
Weight calculation method based on Shapley value
Shapley value method is a mathematical method used to solve the problem of multiple-person cooperation game [6] [7] . It is mainly used for measuring the size of contribution of each member in a cooperation team, reflecting the role and importance of each member in the cooperation. The biggest advantage of Shapley value method is that its principles and results are very fair for the cooperation parties, so that it is easy to be accepted from each partner. Therefore, this paper uses Shapley value weight allocation method to determine the weight of each forecasting model [8] .
Introduce Shapley theory belonging to the game theory, and consider errors of single forecasting model as returns of the model, then the total errors of combination forecasting model is seen as the common benefit of each forecasting model. Therefore, the models in fact constitute a kind of partnership each other. Regard the total combination forecasting errors E as total benefits and allocate it to single forecasting model according to Shapley value theory. So that it determines the weight of single forecasting model in the combination forecasting model. Shapley value error distribution formula is: 
Single model selection
Simple linear regression model
Simple linear regression model is the most widely adaptable method in a variety of forecasting methods, and the error levels among different types of forecasting are unlikely, and the forecasting results are more suitable for part of basic value, especially in the case of adequate historical data. Exponential smoothing, on the basis of moving average, constructs forecasting models by calculating the smoothing values of indexes whose basic idea is obtaining forecasting value according to the weighted sum of the historical observations. Determining the weight is related with time, namely weights of new data are large and weights of old data are small, which is compatible with the data of various periods. Depending on the form of the original data series, exponential smoothing can be divided into single exponential smoothing, double exponential smoothing and cubic exponential smoothing, where double exponential smoothing is applied more widely in electricity forecasting. Therefore, choose Holt double parameter linear exponential smoothing model as the second one in combination forecasting models.
ARIMA model
ARIMA model is suitable to describe non-stationary random process, which is on the basis of ARMA model with describing stationary random process using differential operator able to make trend time series t Y convert into stationary random time series. Change in electricity demand is a non-stationary random process coming with certain growth trend and periodicity, therefore, this paper selects ARIMA model as the third one in combination forecasting model.
Numerical example
In order to verify scientific and rationality of the proposed model, this section takes electricity demand in Beijing-Tianjin-Hebei Region as the example for analysis. Numerical example is divided into two parts, the first part is based on known data in 2,000-2010 to forecast electricity demand in 2011-2015 and check it with the actual results; Then, on the basis of ensuring the model scientific and rational, it forecasts electricity demand in "13th five-year" period (2016-2020) further.
Historical Data
According to "Beijing Statistical Yearbook 2015", "Tianjin Statistical Yearbook 2015" and "Hebei Economic Yearbook 2015", the total electricity consumption and GDP during 2000-2015 in Beijing, Tianjin, and Hebei province are shown in Table 1 . Forecast the electricity demand in Beijing-Tianjin-Hebei Region by combination forecasting model in 2011-2015 as well as contrast it with the actual value and calculate error rate and average error rate for each year, which are shown in table 2. As it can be seen from the table, average error rate of combination forecast based on Shapley less than 3% is less than that of single model, in line with electricity demand forecasting and high accuracy. Therefore, it can be considered that the combination forecasting model proposed in this paper is available, which can provide references for future electricity demand forecasting in Beijing-Tianjin-Hebei Region. Forecast "13th five-Year" electricity demand according to the total electricity consumption data during 2000-2015 and GDP forecasting data during 2016-2020 in Beijing-Tianjin-Hebei Region, and the results are shown in Table 4 , which shows that GDP in 2020 will increase 41.14% compared with 2015, electricity demand will increase 31.52% compared with 2015. 
Summary
This paper forecasts electricity demand in Beijing, Tianjin, and Hebei province with single linear regression, Holt double parameters linear exponential smoothing model and ARIMA model, applying Shapley value weight allocation method to determine the weight of single forecasting method weight, and builds electricity demand combination forecasting model based on Shapley value. By analyzing electricity demand forecasting numerical example in Beijing-Tianjin-Hebei Region, it verifies that forecasting accuracy of combination model is higher than that of each single prediction model, providing a very useful new method. Meanwhile, according to the electricity demand forecast results during "13th five-year" period in Beijing, Tianjin, Hebei province, the electricity demand will increase 31.52% compared with 2015. Therefore, the Government is supposed to take active measures to reduce enormous pressures on environment due to electricity demand growth.
